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Summary 



This note is one of a series covering an investiga- 
tion of a family of related airfoils. It gives in prelim- 
inary form the results olitained from tests in th.e N.A.C.A. 
Variat)le-Density Wind Tunnel of two groups of six airfoils 
eacli. One group, the 43 series, has a maximum mean camber 
of 4 per cent of the chord at a position 0.3 of the chord 
from the leading edge; the other group, the 63 series, has 
a ina3:imum mean camlser of 6 per cent of the chord at the 
same position. The memhers within each group differ only 
in maxiimim thickness, the maximum thiolrness/chord ratios 
■being: 0.06. 0,09, 0.12, 0.15, 0.18, and 0.21. The re- 
sults are analyzed with a view to indicating the variation 
of the aerodynamic characteristics with profile thickness 
for airfoils having a certain mean camber line. 



Introduction 



An extensive study of the relation between the ge- 
ometric and the aerodynamic properties of airfoils at a 
high value of the Reynolds Number is in progress in the 
Variable-Density Tfind Tunnel of the National Advisory Oom- 
nittee for Aeronautics. Tests of a large number of rela- 
ted airfoils are being made at a Reynolds Nuraber of approx- 
imately 3,000,000 with a view to establishirg definitely 
the effect of systematic variations in profile shape upon 
the lift, drag, and pitching moment characteristics of 
airfoils. Por the purpose of this investigation, as dis- 
cussed in reference 1, airfoil profiles are considered as 
made up of certain profile thickness forms disposed about 
certain mean camber line forms. The various N.A.C.A. air- 
foils for this investigation were developed by changing 
systematically these two shape variables. Six maximum 
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thickness/chord ratios ware chosen: 0.06, 0.09, 0.12, 0.15, 
0.18, and 0.21. The mean camber line form gLepends on two 
variaTsles, the maximum mean camber and the distance from 
the leading edge to the position of the raaximiim mean camber 
Throe ratios of the maximum mean camber to the chord were 
chosen: 0,03, 0.04, and 0.06. These were combined with 
six positions of maximum mean camber: 0.2, 0.3, 0.4, 0.i3, 
0.6, and 0.7 of the chord from the leading edge. The air- 
foils so produced are designated by a number of four digits 
•the first indicates the maximum mean camber; the second, 
the position of the maximum mean camber; and the last two, 
the maximum "thickness. Thus the N.A.O.A. 6321 airfoil has 
a maximum mean camber of "6 per cent of the chord at a posi- 
tion 0,3 of the chord from the leading edge, and a maximum 
thickness of 21 per cent of the chord; the N.A.C.A. 0012 
is a symmetrical airfoil having a maximum thickness of 12 
per cent of the chord. 

The results of tes-ts of the six symmetrical N.A.C.A. 
airfoils have been pulslished in preliminary form in ref- 
erence 1. Similar publications presenting data on the 
other airfoils will follow as the tests are made. 

This note presents the results of tests of two series 
of six airfoils each, the airfoils of each series having 
the same th-iokness form's as those oif the summetrical series 
(reference l), but having curved instead of straight mean 
camber lines. All twelve airfoils have mean camber lines 
of such form that the position of the maximum mean camber 
is O.a of the chord behind the leading edge. Six of the 
airfoils, the 43 series, have a maximum mean camber of 4 
per cent of the chord, and the 6ther six, the 63 series, 
have a maximum mean camber of 6 per cent of the chord. 



Description of Airfoils 



The method of arriving at the thickness forms used to 
develop the K.A.O.A. airfoils is described in reference 1. 
The thickness ordinates are defined by the equation 

yt ~ (0.296900.^ - 0.126000X - 0.351600x° ' 



+ 0.284300x3 - 0.101500**) 
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irliere t is the ratio of the maximum thickness to the 
chord. Each mean camher line is defined "by two paraholic 
equations of the form 

jTc = a + "bx + cx^ 

where the leading end of the mean camher line is at the 
origin and the trailing end is on the x^axis at x = 1. 
The constants in the ahove equation are determined hy the 
following conditions, 

1. x=Oorx=l, yc=0 

2. X = position of maximum camher, dy^/dx = 0 

3. X = position of maximum camher , y^. = maximum 

camher. 

The method of comhining the thickness forms with the 
mean camber line forms is test described "by means of the 
diagram in Figure 1. The line joining the extremities of 
the mean camher line is chosen as the chord. Eef erring to 
the diagram, the ordinate yt of the thickness form is 
measured along the perpendicular to the mean camber line 
from a point on the mean, camber line at the corresponding 
station along the chord. The resulting upper and lower 
surface points are then designated; 

ordinates y^ and y-j^ 

stations ac^ and x-j^ 

where the subscripts u and 1 refer to upper and lower 
surfaces, respectively. In addition to these symbols, the 
symbol 6 is employed to designate the angle between the 
tangent to the mean camber line and the x-axis. This angle 
is given by 

e = tan-^ ^ 
dx 

The following formulas for calculating the ordinates md,y 
now be derived from the diagram 

yu - yc + yt °os e 

^u. = 3C - y^ sin 6 

yi = yc - yt cos e 
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xi. X + yt sin 9 

Sample calculations are given in Figure 1. • ' 

a?h.e ordinates of the K.AiO .A.' airfoils with which this 
report deals were olDtained in the manner descrihed, G?he 
raeau. cambev lines for these sections are 

ffrom X = 0- to x =&.3 Pront x =Q.Z to x = 1 

43 series Yq, = J(2.4x - 4s3) y^ =^(1.6 + 2.4x - 4x2) 

63 series yo-= |-(S.6x - Sx®)' Yq =^^g-(2.4 + 3.6x -r Sx^ ) 

OJhe ordinates for the airfoils are given in Tahles I to XII 
and profile shapes-are shown in Figure 2. 

The models, which were constructed of duralumin, have 
a chord of 5 inches and span" of 30 inches. The method of 
constructioii is descrihed in reference. 1. She ]J.A.O.A. 
4312 airfoil, however, *as constructed hefore" the construc- 
tion procodixre was standardized. The fact that this air- 
foil was not so carefully made as the others mar account 
for the fact that the plotted, results from the tests of 
this airfoil do not fair in with the other results. 

Tests and Hesults 

Routine measurements of lift, drag, and pitching mo- 
ment about' a point one- quarter, of the chord behind the 
leading edge' were made at a Reynolds Numher of approximately 
3,000,000.' 'A'description of the tunnel and method of test- 
ing is given •'ixi reference 1. 

The results are presented in the form of coefficients 

corrected, after the method of reference 2, to give in- 
finite aspect ratio characteristics. Tahles XIII to XXIV 
present the corrected results: lift coefficient Oj^. angle 
of attack fcr infinite 'aspect ratio- ao» profile drag 
coefficient Odqi and pitching- moment, coo.fficient a'bout a 

point one-quarter of the chord hehind the loading edge 
Oja^y^. These data are also presented in several figures 

to facilitate the discussion. . 
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Discussion 



Variatio n of th e Aerodynamic character i stics witli 
th i ckness .- The' variation of minimun profile drag coeffi- 
cient with maximum thifckness is shown in Figure 5. This 
relation may 'oe expressed "by the equation 

Ct) . = 0.0065 + 0.0083t + O.OSVSt^ + k 
■Uo mm. 

where t is the ratio of the maximum thickness to the 
chord and k is a constant for the airfoils having the 
same mean camber line. The first three terms of the a'bove 
expression give the minimum profile drag coefficient for 
the six symmetrical IT.A.C.A. airfoils. The values of k 
are given helow: 

43 series k = 0.0009 

63 series k = 0.0020. 

The calculated curves and the test points taken from the 
faired profile drag curves (figs. 3 and 4) are shown in 
Figure 5. 

Maximum lift coefficients as taken from Figures 6 and 
7 are given in the following table: 



Airfoil 


.pL max. 


Airfoil 


'^L max. 


4306 


1.20 


6306 


1.54 


4309 


1.60 


6309 


1.66 


4312 


1. 63 


6312 


1.64 


4315 


1.56 


6315 


1. 55 


4318 


1.46 


6318 


1.43 


4321 


1.29 


6321 


1.37 



These results are in agreement with those for the symmet- 
rical airfoils in that the moderately thick airfoils give 
the highest maximum lift coefficients. 

The variation of the slope of the lift curve with 
thickness is shown in Figure 8.- The points on the figure 
represent the deduced slopes as measured in the angular 
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range of low profile drag for an- .infinite span wing. It 
will 136 noted that all of the values lie Tselow the approx- 
imate theoretical value for thin wings, 2tt per radian. 
Thsse results show suhstantially the same variation as do 
those from the symmetrical airfoils; that is, the slope 
decreases with increased thickness. 

The pitching moment coefficients at the angles of 
attacks corresponding to zero lift are given in the follow- 
int; tahle: 



Airfoil 




Airfoil 




4306 


-0.0.75 


6306 




4309 


- .075 


6309 


-0 . Ill 


4312 


- .072 


6312 


- .109 


4315 


- .068 ■ 


6315 


- .104 


4318 


- .055 


"6318 


- .097 


4321 


- .057 


6321 


- .091 



The calculation of the moment coefficient has commonly heen 
"based on the assumption tha't an airfoil may he replaced by 
its mean camber line. This assum]?tion, however, would lead 
to the same moment coefficient for all sections in either 
one of the above groups, since they have the same mean cam- 
ber line. It is apparent from the above table that such an 
assumption leads to erroneous results; actually the mag- 
nitude of the diving moment coefficient decreases with in- 
creasing thickness. 

The ratio of the maximum lift to the minimum profile 
drag has previously been taken as a measure of the general 
efficiency of an airfoil section. The variation of this 
ratio frith thickness is shown in Figure 10. The N.A.O.A. 
4309 shows the highest value of this ratio. 

Variation of the characteristics w ith l ift or angle . - 
The variation of profile drag coefficient with lift coef- 
ficient is shown by Figures 3 and 4. In accordance with 
the procedure given in reference 1-, the variation of the 
additional drag coefficient due to lift has been studied 
by plotting values of Cd„ - Cj)^ against tie square 
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of the lift coefficient as measured from the lift coeffic- 
ient corresponding to the ninimum profile drag coefficient. 
These plots are given in Figures 11 and 12. It may he 
significant to note that the same line determined for the 
symmetrical airfoils fits the present cases to a fair de- 
gree of accuracy. It is now possible to write the profile 
drai' coefficient as 

CDc = +doO62(0L - Gl opt^)'' 

where Cj, o-pt^ "^^^ "^^ called the optimum lift coefficient; 
that is, the lift coefficient corresponding to the minimum 
profile drag coefficient. The optimum lift coefficient 
varies with thickness as well as with camher, the value in- 
creasing with camher hut decreasing with thickness. Ol opt. 
varies from 0.40 for the 4306 to 0 for the 4321 and from 
0.70 for the 6306 to 0.10 for tie 5321. These variations 
may "be expressed hy the following formulas: 

43 series 
63 series 

The variation of the p itching-moment coefficient with 
angle or lift may "bo hest studied with reference to thin 
airfoil theory, which predicts a constant pitching moment 
ahout a point one-quarter of the chord hehind the leading 
edge. The theory indicates that the moment ahout this 
point is constant hecause the center of pressure of that 
part of the air force which is due to angular changes is 
at the quarter chord point. However, the curves of ^j^^y^ 

against angle of attack (fig. 9) show a slight slope in 
the normal working range, as did the corresponding curves 
for the symmetrical airfoils. (Reference 1.) The point of 
constant moment is, therefore, not exactly at the quarter 
chord point, "but displaced forward from it as indicated in 
the following table: 

Displacement Displacement 
A irfoi l (Per cent chord) Airfoil (Per cent chord ) 

4306 0.3 6305 0.1 

4309 .5 6309 .1 

4312 .2 6312 .4 



opt^ = 0.56 - - t 
Ol opt^i. = 0.94 - 4 t 



4315 



.5 



6315 



.6 
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4318- • .9 6318 1,0 

4321 1.6 6321 1.6 

In reference 1, the center of pressure for symmetrical 
airfoils is shown to be farther forward for the thick air- 
foils. She preceding yesults may, therefore, be considered 
as indicating a displacement of the center of pressure for 
that part of the air forces due to angular changes. 

La^Lgley Memorial Aeronautical Laboratory, 

Hatidnal Advisory Committee for Aeronautics, 
Langley yield, Va. , August 26, 1931. 
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SABLE I 

Ordinates for Airfoil N.A.O.A, 4306 
(Dimonsions in par cent of cxiord) 



TJppor Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 






e 


Q 


1,016 


1,244 


1.484 


-0,592 


2.190 


1,908 


2,810 


- .632 


4,614 


2,958 


5,386 


- ,514 


7,088 


3,809 


7 . 912 


- ,309 


9,590 


4,528 


10,410 


- ,084 


14.547 


5,650 


15.353 


+ .350 


19,746 


6,414 


20,254 


+ .698 


30.000 


7,001 


30,000 


+ .999 


40,047 


6,819 


39,953 


+1 .017 


50.086 


6,321 


49,914 


+1.027 


60,112 


5.545 


59.888 


+ ,987 


70,119 


4,522 


69,881 


+ ,866 


80,107 


3,266 


79.893 


+ ,652 


90,071 


1,782 


89,929 


+ .340 


95,043- 


,955 


94.957 


+ ,147 


100,007 


.063 


99.993 


- ,063 


L.S, radius 


,394 






Slope of radius 
passing through, 
end of ckord 


4/l5 
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TABLE II 

Ordinates for Airfoil H.A.C.A. 4309 
(Simenslons in per cont of chord) 



Upper Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 


mm 


- 


0 


Q 


0.898 


1.703 


l,-602 


-1.051 


2,035 


2.542 


2.965 


-1.266 


4*421 


3.826 


5.579 


-1,382 


6.882 


4.839 


8,118 


-1.339 


9,385 


5.682 


10.615 


-1.238 


14.470 


6.976 


15.530 


- .975 


19.619 


7.844 


20.381 


- ,732 


30.000 


8.502 


30,000 


- ,502 


40.071 


8.268 


39.929 


- .432 


50.130 


7.643 


49.870 


- .295 


60.167 


6.685 


59.833 


- .153 


70.179 


5.436 


69.821 


- ,048 


80.160 


3.918 


79.840 


,000 


90.106 


2.143 


89.894 


- .021 


95.064 


1.153 


94.936 


- .051 


100.011 


.094 


99.989 


- ,094 


L.E« radius 


.887 






Slope of radiuB 

passing through 
end of chord 


4/l5 
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IA3LE III 

Ordinates for Airfoil K.A.O.A. 4312 
(Dimensions in per cent of chord) 



Upper Surface 


Lo^e^: Surface 


Station 


Ordinate 


Station 


Ordinate 






0 


Q 


0,781 


2.162 


1.719 


-1,510 


1,879 


3.177 


3.121 


-1*901 


4.238 


4.692 


5,772 


-2.251 


6,876 


5.868 


8.324 


-2.368 


9.189 


6.833 


10.820 


-2.389 


14.294 


8.298 


15.706 


-2.298 


19,492 


9,272 


20,508 


-2,160 


30,000 


10.002 


30.000 


-2.002 


40,095 


9,720 


39 , 905 


—1.884 


50,173 


8,965 


49,827 


— 1 . OJ. t 


60,223 


7,824 


59.777 


-1.292 




o.ool 


en n CI 
b 9 ■ r D J. 


— . a o« 


80.213 


4,571 


79.787 


- .653 


90.141 


2.503 


89.859 


- .381 


95,085 


1,353 


94.915 


- ..25 J 


100,014 


.125 


99.986 


- .125 


L,l, radius 


1«576 






Slope of radius 
passing througli 
end of chord 


4/15 
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TABLE IV 

Ordinates for Airfoil N.A.C.A. 4315 
(Dimenaions in per cent of cliord) 



Upper Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 


"• 




0 


0 


0,664 


2,620 


1.836 


-1.968 


1.724 


3.813 


3.276 


-2,537 


4,036 


5.563 


5.964 


-3.118 


6,470 


6.893 


8,530 


-3.398 


8.975 


7,988 


11.025 


-3 . 544 


14,117 


9.684 


15.883 


-3.624 


19.365 


10,700 


20.635 


-3.588 


30,000 


11.503 


30.000 


-3.503 


40,118 


11.171 


39.882 


-3.335 


50.216 


10,289 


49,784 


-2, 941 


60.279 


8.963 


59,721 


-2.431 


70,298 


7.264 


69,702 


-1,876 


80.367 


5.225 


79,733 


-1.307 


90,177 


2.863 


89,823 


- .741 


95.107 


1,556 


94.893 


- .454 


100.018 


.157 


99,982 


- .157 


L.E. radius 


2.464 






Slope of radius 
passing tlivougli 
end of .clxord 


4/15 
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EABLE V 

Ordinates for Airfoil ST.A.C.A. 4318 
(Simensiona in per cent of chord) 



Tipper Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 






0 


0 


0,546 


3,080 


1,954 


-2.428 


1.569 


4.446 


3.431 


-3.170 


3.843 


6.430 


6.157 


-3,986 


6.264 


7.928 


8.736 


-4.428 


8,771 


9,138 


11.229 


-4.694 


13.940 


10,951 


16.060 


-4.951 


19.238 


12.128 


20,762 


-5.016 


30,000 


13.003 


30,000 


-5.003 


40.142 


12.619 


39.858 


-4,783 


50,259 


11.612 


49 . 741 


-4.264 


60.335 


10.104 


59. 565 


-3.572 


70,358 


8,177 


69.642 


-2,789 


80.320 


5.881 


79.680 


-1.963 


90,212 


3.224 


89.788 


-1.102 


95.128 


1.753 


94.872 


- .651 


100.021 


.188 


99.979 


- ,188 


L.S. radius 


3.549 






Slope of radius 
passing tlirough. 
end of chord 


4/15 
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TA3LE VI 

Ordinates for Airfoil N.A.O.A, 4321 
(Dimensions in per cent of chord) 



Upper Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 


— 


— 


0 


0 


0.429 


3,539 


2.071 


-2,887 


1.414 


5.081 


3.586 


~3,805 


3,651 


7.294 


6.349 


-4,850 


6.059 


8,957 


8.941 


-5.457 


8.566 


10.290 


11.434 


-5.846 


13,764 


12.272 


16.236 


-6.272 


19.111 


13,556 


20.889 


-6.444 


30,000 


14.503 


30,009 


-6,503 


40.166 


14.072 


39.834 


-6,236 


50.302 


12,934 


49.698 


-5,586 


60.391 


11.241 


59.609 


-4,709 


70,418 


9,090 


69.582 


-3,702 


80.374 


6.535 


79.525 


-2.617 


90,247 


3.585 


89.753 


-1.463 


95.149 


1,953 


94.851 


- ,851 


100.025 


-220 


99.975 


- ,220 


L,S. radius 


4,830 






Slope of radius 
passing th-rough. 
end of cliord 


4/15 
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TABLE VII 

Ordlnates for Airfoil IT.A.C.A. 6306 
(dimensions in per cent of chord) 



Upper Surface 


Lgwer Surface 


Station 


Ordinate 


Station 


Ordinate 






0 


0 


0,911 


1.373 


1.589 


-0.395 


2.050 


2.185 


2.950 


- .269 


4.438 


3.521 


5.562 


+ .147 


6.897 


4.636 


&.103 


+ .614 


9,397 


5.596 


10,603 


+1.070 


14.476 


7.121 


15.524 


+1.879 


19.621 


8.177 


20.379 


+2.489 


30,000 


9.001 


• 30,000 


+2,999 


40.071 


8,778 


39,929 


+2,978 


50,130 


8.157 


49,870 


+2,867 


60.167 


7.174 


59,833 


+2.622 


70,179 


5,863 


69.821 


+2.217 


80,159 


4.240 


79.841 


+1.638 


90,105 


2.308 


89.895 


+ .876 


95,064 


1.227 


94.936 


+ .425 


100,011 


• 062 


99.989 


- .062 


L.E, radius 


.394 






Slope of radius 
passing through, 
end of chord 


6/15 
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TABLE VIII 

Ordinates for Airfoil IT.A.C.A, 6309 
(Dimensions in per cent of chord) 



Upper Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 


- 


- 




0 


0,741 


1,816 


1,759 


~0,S38 


1.825 


2.798 


3.175 


- .882 


= 4.157 


4.365 


5.843 


- .697 


6,595 


5,642 


8.405 


- ,392 


9.095 


6,728 


10,905 


- .062 


14,213 


8.433 


15.787 


+ .567 


19.431 


9 , 600 


20.569 


+1.966 


30,000 


10,503 


30,000 


+1,497 


40,106 


10,228 


39,894 


+1.528 


50.194 


9,478 


49.806 


+1.546 


60.251 


8,312 


59.749 


+1,484 


70,268 


6.775 


69.732 


+1.305 


80,239 


4.890 


79.761 


+ .988 


90.158 


2,667 


89.842 


+ .517 


95,095 


1.423 


94.905 


+ ,229 


100.016 


.094 


99.984 


- .094 


L,E. radius 


.887 






Slope of radius 
passing through 
end of chord 


6/l5 
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ITABLE IX 

Ordinates for Airfoil K.A.C.A. 6312 
(Dimensions in per cent of chord) 



Upper Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 






O 


U 


0 ■ 572 


ft ft c o 

2. 258 


T o o 

1 • 928 


n ion 


1 • 600 ■ 


n ii 1 ft 

3.412 


ry >t ftft 

o •400 


**1«496 


3,875 


5.209 


C ^ ft c 


*l C VI 1 

—1 « d41 


6 • 293 


6* 648 


O fHft JPf 

8 •707 


■I *2 ft O 


8 ,794 


7.858 


11.206 


1 T ft ft 

-1,192 


lo • 951 


9 • 741 


lo . 049 


A^ 

" . f41 


19 •242 


T t ft ^ 

11 .021 


20 .750 


— ,ooo 


30 »000 


■t ft ft ft ft 

12. 002 

V 


oO.OOO 


/->, /*i 


A r\ 1 A ^ 
40 •142 




09 . OOO 


,u /4 


crt oca 


T ft O Art 


AG rt A*i 
49 a r41 




60.334 


9,449 


59.666 


+ ,347 




r . boo 


CO RA.'Z 


4- '^QO 
~ • 09iS 


80,319 


5.541 


79.681 


+ ,337 


90.211 


3.026 


89,789 


+ ,158 


95.127 


1,622 


94.873 


+ .030 


100,021 


• 124 


99.979 


- ,124 


L.S, radius 


1.576 






Slope of radius 
passing through 
end of chord 


6/15 
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Ordinates for Airfoil N.A.C.A, 6315 
(Dimensions in per cent of chord) 



Upper Surface 


lower Surface 


Station 


Ordinate 


Station 


Ordinate 


mm 


- 


0 


0 , 


0.402 


2,700 


2.098 


-1.722 


1.375 


4.085 


3.625 


-2.119 


3.594 


6,052 


6.406 


-2,384 


5.991 


7.654 


9.009 


-2.404 


8,491 


8.991 


11.509 


-2.325 


13,689 


11.053 


16.311 


-2.053 


19,053 


12.442 


20.947 


-1.776 


30,000 


13.503 


30,000 


-1.503 


40,177 


13.130 


39.823 


-1.374 


50.324 


12.123 


49.676 


-1.099 


60.418 


10.587 


59.582 


- ,791 


70.447 


8.598 


69,553 


- ,518 


. 80.398 


6.192 


79.602 


- .314 


90,263 


3.384 


89.737 


- ,200 


95.159 


1,824 


94.841 


- ,172 


100.027 


.156 


99.973 


- .155 


L.3. radius 


2.464 






Slope of radius 

passing tlirough 
end of chord 


6/l5 
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TABLE XI 

Ordinates for Airfoil IT.A.C.A. 6318 
(Dimensions in per cent of chord) 



Upper Surface 


Lower Surface 


Stati on 


Ordinate 


9t;at<ion 


orcLinabe 






0 


0 




3 M 143 


2.267 


-2. 165 




. w w w 


3.849 


-2.722 






6 667 


-3 .227 


«-J « O J w 


O « O w ^ 


9.310 


••3 .409 


O a J.9 J. 


1 n 1 2n 


11-809 


-3 . 454 


1 "? A.O R 
i.O a 4<0 O 


TO 5? RK 
J.O . w O O 


1 fi 574. 


-3 -365 


JL O • O OO 






-3 .198 


ou • uuu 




30.000 

WW % www 


-3 .003 


An PI s 

rsw a O X <^ 




39,787 


-2.821 


50.389 


13,445 


49. 611 


-2.421 


60.502 


11.726 


59.498 


-1.930 


70.536 


9.509 


69.464 


-1.429 


80.478 


6.845 


79.522 


- ,967 


90.316 


3.742 


89,684 


- .558 


95.190 


2.020 


94.810 


- ,368 


100.032 


,186 


99.968 


- ,186 


L.E, radius 


3.549 






Slope of radius 
passing through 
end of chord 


6/15 
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TABLE XII 

Ordinates for Airfoil H.A.C.A, 6321 
(DimensionR in per cent of chord) 



Upper Surface 


Lower Surface 


Station 


Ordinate 


Station 


Ordinate 


— 




0 


0 


0,053 


.3.585 


2.437 


-2.607 


0.925 


5,252 


4.075 


-3.336 


3,033 


7,735 


6.967 


-4,0G7 


5,388 


9.665 


9.612 


-4.415 


7.889 


11.251 


12.111 


~4.585 


13.165 


13,672 


16.835 


-4.672 


18.674 


15,284 


21.326 


-4.618 


30,000 


16,504 


30.000 


-4.504 


40.248 


15,030 


39.752 


-4,274 


50,453 


14,766 


49,547 


-3 , 742 


60.585 


12,862 


59.415 


-3,066 


70,625 


10,419 


69,375 


-2,339 


80,558 


7.496 


79,442 


-1,618 


90,369 


4,101 


89,631 


- .917 


95.221 


.2.218 


94.778 


- ,566 


100.037 


,218 


99.963 


- .218 


L«S, radius 


4,830 






Slope of radius 
passing througli 
e»id of chord 


6/15 
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TABLE XIII 
Airfoil: H.A.CA. 4306 
Average Boynolds HTumbor; 3,080,000. 
Sizo of modol: 5 z 30 inch.os« 
Pressure, Standard Atmosplioros: SO.S. 

Tost Ko.zSei Variable Density T-umiol. Date: April 11, 1931. 



°1 


OCo 

f J3 A M lUB «k A M A 

^cLogreos; 


'=0 


Ia 
c/4 


-O, 514 


-10,1 


0.1399 


-0,019 


- ,298 


~ 6,8 


.0714 


- ,051 


• 009 


- 3,7 


.0100 


- .075 


.317 


- .7 


.0080 


- .073 


,472 


.8 


.0082 


- .071 


,627 


2.3 


.0087 


- .071 


,933 


5.3 


,0111 


- .073 


1.191 


8.5 


,0263 


- .071 


1.198 


10.5 


.0730 


- .073 


1.172 


12.6 


.1471 


- .096 


1.128 


16.7 


.2908 


- .151 


1,032 


21.0 


.3918 


- .178 


,963 


27.2 


.5194 


- .188 
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•IA3?LE XIV 
Airfoil: IT.A.O.A, 4309 
Avorcgo Eeynolds Uumbor; 3,080,000, 
Sizo of nodol: 5 x 30 inclios. 
Frossuro, Standard Atmosph.oros: 20,6. 

lest Ho.: 563 Variablo Density Tunnol. Dato: April 13, 1931, 





CLQgr O O 6 / 


"^0 


c/4 


-0,342 


-6,9 


0.0117 


-0.078 


- ,036 


-3,9 


.0096 


- .075 


,120 


-2.4 


,0090 


- .076 


.277 


- ,9 


.0039 


- ,067 


.429 


.6 


.0090 


- .071 


.581 


2,2 


.0095 


- ^065 


.887 


5,2 


.0111 


- .069 


1.176 


8.3 


.0155 


- ,074 


1.444 


11.4 


,0238 


- ,071 


1.558 


13,0 


,0308 


- ,064 


1,603 


14,9 


,0622 


- ,085 


1,559 


15,5 


,0904 


- .094 


1,505 


17,2 


,1590 


- ,115 


1,393 


19,6 


.2594 


- .151 


1.051 


26,7 


.4757 


- ,173 
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TABLE XV 
Airfoil: N.A.C.A, 4312 
Average Reynolds Huml^er: 3,110,000, 
Size of model: 5 x 30 inches. 
Pressure, Standard Atmospheres: 20.7. 

Test ITo.: 564 Yaria-ole Density Tunnel. Date:April 13, 1931. 





(degrees; 


0 


\/4 


— vf . J. < O 






•"VJ . vj 










• lid? 


— O . 4: 


.UIUJ. 


— , 070 


.000 


Q 


• UlUl 


rv c Q 


,440 


.6 


.0104 


- .065 


.591 


2.1 


,0110 


- .071 


.894 


5.2 


.0129 


- .071 


1.181 


8.2 


.0174 


- 4069 


1.318 


9.8 


,0196 


- .069 


1.446 


11.4 


.0246. 


- .070 


1.561 


13.0 


..0324 


- .071 


1.626 


14.8 


.0551 


- .078 


1.541 


17.1 


.1331 


- .105 


1.486 


19.3 


.1927 


- .121 


1.154 


26.3 


.4034 


- .168 
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TA3L3 X7I 
Airfoil: N.A.O.A. 4315 
Avor&ge Reynolds SunTDer: 3,120,000. 
Size of nodol: 5 x 30 Inclies. 
Prospure, Standard AtmosBhero: 20,8. 

lefst No,: 555 Yariatile Density Ti^nnel, DatejApril 14, 1931, 





cxo 




°^c/4 


—0,335 


-6,9 


0.0123 


-0.072 


- ,034 


-3.9 


.0109 


- ,068 


.124 


-2,4 


.0107 


- .066 


.279 


- ,9 


.0109 


— .066 


.432 


.6 


.0113 


- .065 


.585 


2.1 


.0117 


- .064 


.876 


5,2 


.0135 


- .062 


1,161 


8.3 


.0174 


- .061 


1.413 


11,5 


,0256 


- ,062 


1.527 


13.1 


,0345 


- .063 


1.558 


14.8 


,0650 


- .073 


1.531 


15.1 


,0743 


- ,078 


1.492 


17.3 


.1314 


- ,093 


1.461 


19.4 


,1822 


- .107 


1.228 


26,1 




.2650 


- .151 
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TA3LE XVII 
Airfoil: K.A.O.A. 4S18 
Average Seynolds UriHi'ber: 3,090,000, 
Size of Eiodel: 5 30 inches. 
Pressure, Standard Atmospheres: 20,8, 

lest Wo.: 566 VarialJle Density TTi|.nnel, Date: April 14, 1931. 





CCq 


=^0 


™c/4 


-0,190 


-5,4 


0,0126 


-0,068 


- ,039 


-3,9 


,0122 


- .065 


.107 


—2 . 3 


.0120 


- ,064 


.260 


- ,8' 


.0119 


- .061 


.412 


.7 


.0123 


- ,059 


.557 


2.2 


.0132 


- .058 


.849 


5.3 


.0156 


- ,054 


1.119 


8.4 


.0207 


- ,054 


1.362 


11.7 


.0320 


- ,055 


1,455 


13.4 


.0472 


- ,059 


1.425 


15.5 


.0978 


- .075 


1,404 


19.5 


.1796 


- .095 


1.217 


26.1 


.3337 


- ,133 
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TABLE XYIII 
Airfoil: N.A.C.A. 4321 
Average Reynolds N-iam'ber: 3,120,000. 
Size of model: 5 x 30 inches. 
Pressure, Standard Atmospheres; 20,7, 

lest Ko.J 567 Varia'ble Density funnel. Date:April 15, 1931. 



, (degrees) 




C/ 


-0,325 


-7.0 


0,0142 


-0.069 


- ,022 


-3.9 


.0134 


- ,058 


.113 


-2.4 


.0134 


- ,056 


.263 


- .8 


.0137 


- ,053 


,405 


.7 


.0142 


- ,050 


.550 


2.3 


.0152 


- ,047 


,830 


5,4 


.0182 


- .046 


1.086 


8.5 


.0253 


- ,041 


1,199 


10,2 


,0327 ■ 


- .040 ■ 


1.280 


11,9 


,0508 


- .052 


1.291 


13.9 


.0903 


- .060 


1,292 


15,9 


.1287 


- .070 


1.269 


20.0 


.2111 


- .097 


1.113 


26,5 


.3469 


- .119 
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TABLE XIX 
Airfoil: N.A.C.A, 6S06 
Average Reynolds ilunber: 3,080,000. 
Sizo of raocLel: 5 30 inchos, 
Freseuro, Standard Atmospheres: 20«6. 

Tost No.: 575 YariaDle Density Tunnol. Date: April 17, 1931, 



<3l 


(degrees) 


^0 


^c/4 


"0,263 


-7.2 


0,1017 


-0,034 


,063 


-4,2 


.0513 


- .096 


.242 


-2.8 


,0197 


- ,109 


.408 


-1,3 


.0097 


- ,111 


.565 


.2 


,0092 


- .111 


.722 


1.7 


.0092 


- ,111 


1.031 


4.7 


,0106 


- ,114 


1.317 


7.8 


.0160 


- .114 


1.539 


11,1 


,0360 


- .113 


1,496 


13,3 


.0986 


- .129 


1.407 


15.5 


.1847 


- .152 


1,254 


20.0 


.2554 


- .194 


1.063 


26.6 


.5148 


- .211 
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TABLE XX 
Airfoil: BT.A.C.A. 6309 
Average Heynolds Number: 3,110,000. 
Size of laodel: 5 x 30 incites. 
Pressure, Standard Atrao sphere s : 20,8, 

Test No,: 578 Variable Density Tunnel, Date: April 18, 1931, 





0^0 

I d-Aff T? Q a ft^ 


"^0 


°"^c/4 








— u , vjy O 


- .042 


e o 
-»0 . 9 


.OloU 


T T T 
— #111 


,109 


-4.3 


.0110 


- ,110 


.265 


-2.8 


.0102 


- ,109 


.421 


-1.3 


.0101 


- ,108 


,728 


1.7 


.0104 


- .108 


1,033 


4.7 


.0116 


- .109 


1,321 


7.8 


.0163 


- ,109 


1.572 


11,0 


.0263 


- .110 


1.665 


12,7 


,0375 


- .110 


1,598 


14.9 


.1034 


- .131 


1,497 


19.2 


.2227 


- ,164 


1.238 


26.1 


,4793 


- .211 



1 
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f ASLE XXI 
Airfoil: K.A.C.JL. 6313 
A,vere,ge ReynolcLs SJ^mter: 3,170,000, 
Size of model: 5 x 30 inches. 
Pressure, Standard. Atmospheres: 20.6, 

lest 1(0.: 577 Variable Density Tv^nnel. Date:April 20, 1931, 



Cl j 


ao 

(degrees) 


"=0 




-0,200 


-7,4 


0«01o2 


—0 . llvj 


- ,046 


-5,9 


,0121 


— ,100 


.109 


-4.3 


,0114 


— . iUo 


.260 


-2,8 


,0108 


- .107 


.420 


-1.3 


.0108 


- .106 


,572 


.2 


,0110 


- ,103 


.721 


1.7 


.0113 


- ,104 


1.015 


4.8 


.0X34 


- ,104 


1,296 


7.9 


,0192 


- ,103 


1.545 


11,1 


' ,0389 


- .103 


1.635 


12,8 


.0414 


- ,104 


1.504 


14.9 


.0958 


- «123 


1,530 


19,1 


.1976 


- .143 


1.314 


25.8 


.3760 


- ,184 
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TABLE XXII 
Airfoil: K.A.C.A. 6315 
Average Hejrnolds Hum'ber : 3,100,000. 
Size of model: 5 x 30 inclies. 
Pressure, Standard Atmosplieres: 20.5. 

Teat Kg.: 578 Variable Density Tunnel, Date:April 20, 1931, 





(degrees) 


0 


C/4 


-0,047 


-5.9 


0.0127 


-0.105 


.105 


-4.3 


.0122 


- .104 


.258 


-2.8 


.0120 


_ ,102 


,417 


-1.3 


.0120 


- .101 


.568 


.2 


.0121 


- ,099 


.715 


1.7 


.0128 


- .099 


1.005 


4.8 


.0154 


- ,096 


1.276 


7.9 


.0206 


- .096 


1.501 


11.2 


.0358 


- ,096 


1.551 


13.1 


.0626 


- .103 


1.496 


15.2 


.1197 


- .117 


1.444 


19.4 


.2074 


- ,135 


1.292 


25.9 


.3555 


- .169 



I 
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a?A3LE XXIII 
Airfoil: K.A.O.A. 6318 
Average Eeynolds JTumljer: 3,0^10,000. 
Size of model; 5 z 30 inclies. 
Pressure, Standard Atmospheres; 21*0. 

Test ITo, 579 Variatle Density Tunnel, Date: April 20, 1931. 





^0 

(degrees) 


. Od 

0 


T : 


-0,062 


. . 

-5«8 


0,0135 


-0.099 


.086 


-4,3 


.0131 


- .096 


.236 


-2.8 


.0130 


- .093 


.390 


-1.2 


,0131 


- .092 


,683 


1.8 


,0141 


- ,089 


,969 


4.9 


.0174 


- ,087 


1,228 


8.1 


,0242 


- .084 


1.424 


11.5 


.0481 


- .090 


1,431 


13.4 


.0900 


- .098 


1.428 


15.5 


.1276 


- .107 


1,372 


19.6 


.2148 


- .126 


1.252 


26,0 


.3423 


- .152 
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5?A3LS XXIV 
Airfoil: N.A.C.A. 6321 
Average Reynolds Humber; 3,140,000. 
Sizo of model: 5 z 30 inches. 
Pressure, Standard Atmospheres: 20.8. 

Test ISO,: 580 Tariable Density !Cunnel. BaterApril 21, 1931. 





' tto 
(degrees) 






-0.207 


-7.3 


0.0154 


-0.094 


.085 


-4.3 


.0144 


- .089 


.237 


-2.8 


.0145 


- .087 


.378 


-1.2 


.0148 


- .084 


.527 


.3 


.0156 


- .080 


.667 


1.9 


.0166 


- .079 


.943 


5.0 


• 0206 


- ,076 


1.188 


8.2 


.0300 


- .075 


1.336 


11.8 


.0686 


- .084 


1.354 


13.7 


.1042 


- ,091 


1.372 


15.6 


.1261 


- .098 


1.373 


17.6 


.1734 


- ,106 


1.332 


19.8 


.2149 


- ,113 


1.234 


26.1 




.3283 




- .137 




Mean camber llne'^ 

e n . 

Chord-\ 




fiadlxLS throogh end of diord 



1.00 



= X - yt sin 6 7u ° yc + 6 
1 = X + yt sin e y I = 7© " 6 



Galculation of ordinates 



g.A.G.A. 6521 



X 


y* 


yo 


tan 9 


sin 9 


COB 0 


ainS 


yt cos 8 




7m 




yi 


.0125 
.30 
.60 
1.00 


.03316 
.10504 
.07985 
.00221 


.00489 
.06000 
.04898 
0 


.38333 
0 

-.07347 
-.17143 


,35795 
0 

-.07326 
-.16900 


.93374 
1 

.99731 
.98562 


.01187 
0 

-.00586 
-.00037 


.00096 
.10504 
.00964 
.00218 ^ 


.00063 
.30 

.60585 
u. 00037 


.03585 
.16504 
.13862 
.00218 


,02437 
.30 

.59416 
.99963 


-.02607 
-.04604 
-.03066 
-.00218 



Tig.l Diagran and exairaple ahoving method of calculating the oiviinatdB of V.A.C.A. canibere'd 
airfoils. 



fad 
(ft 

H 




I 1 1 1 1 1 1 I I I I I I I I I ) I I I I M 

9 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 




„.2 0 .3 ,4 .6 .8 1.0 1.2 1.4 1,6 ^ 

Lift coefficient, Gj^ 
ffig. 4 Profilo drag cyarves for ir.A,C.A. 63 series airfoils. 
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Sig. 5 




Pig. 5 Variation of minisium profile drag coefficient 
with thic]siess. 
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Pig. 6 




-4° 0*^ 4° 8° 12° 16° 20° 24° 2^ 

Angle of attack for infinite aspect ratio, 



Pig. 6 lift CTorves for N.A.C.A.48 series airfoils. 
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Pig. 7 




Pig.? Lift cttrves for N.A.O.A. 6S series airfoils. 
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Fig. 8 



.20 
.18 
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.14 
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2 4 6 8 10 12 14 16 
Maximom thicGoiess in per cent chord 



18 20 



Fig, 8 Variation of lift curve slope lAVh. thiofcaess 




Axielo of attack for Infinite aspect ratio, dn 



7ig,9 Uoment coefficients, about a point one-quarter of tlie chord 1}eMnd the leading edge. 
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rig. 10 




Jig. 10, Hatio of mazimom lift to minirajm profile drag. 
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Pig. 11 Increase of profile drag coeffloient witli lift. 
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Fig. 12 Increase of profile drag coefficient with lift. 



